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Results and Accomplishments

For this project, we focused on improving the forecasts of lake-related processes in the
Climate Forecast System (CFS) by coupling it with a physically based lake model. Over
the four-year period of the project, we have finished (1) incorporating Freshwater Lake
(Flake) into the CFS model; (2) performing ensemble forecasts with our coupled CFS-
Flake model; (3) performing extensive calibration and validation for the coupled CFS-
Flake model with observations; and (4) quantifying the role of lakes in the climate system
over North America. For this project, we have published four peer-reviewed papers and
submitted three manuscripts for peer-reviewed journals (in review). We have also given 13
project-related presentations and seminars at both domestic and international conferences

and institutions.

For this project, we have conducted ensemble retrospective forecasts with the original CFS
version 2 and the coupled CFS-Flake for the period of 1997 through 2016 with nine leads
on our local computing platforms. We performed a total of 1,440 runs, and each run was a
9-month integration. These runs were equivalent to about 115-year simulations with each
version of the CFS model. We initialized the model at 0000UTC on the 15, 61, 111, 16%,
21%, and 26" of each month, with a total of 9 lead forecasts for every month. To ensure that
every month had 9 lead forecasts, our model runs actually started in April 1996. A total of
about 200 terabytes of data have been generated. Our model evaluations were focused
primarily on the winter months, since we did not see significant simulation differences

between CFS and CFS-Flake over the summer months.



1) Lake fraction and depth data

In the original version of CFS, lake points were prescribed as ocean (large lakes) or land
(small lakes) (left figure in Figure 1). For this project, two sets of lake data have been
developed for the coupled CFS-Flake model: lake fraction and lake depth. The lake fraction
dataset is based on the U.S. Department of Agriculture-Global Land Cover Characteristics
(GLCC) data at 1 km resolution. A lake fraction is considered in a CFS model grid only if
it is greater than 0.1%. The lake depth dataset at 1 km resolution is based on a global dataset
produced by Kourzeneva (2010), and the lake depth is set to a fixed value of 25 m if it is
missing. The 1-km resolution depth data are aggregated into one fixed value for a 100-km
resolution CFS grid with lake coverage. These two datasets are used as input to the coupled
CFS-Flake model.
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Figure 1 Lake fractions for North America for the original CFS (left) and coupled CFS-Flake (right). CFS-
Flake includes the global lake fraction data. Since this project focuses on North America, we show data only
for North America.

2) Surface skin temperature forecasts for North America

We first analyzed the surface skin temperature forecasts with the original CFS and the
coupled CFS-Flake for North America. We can see that the simulated root-mean-square
errors (RMSEs) are reduced quite significantly with the coupled CFS-Flake, when
compared to those with the original CFS where the lake points are prescribed as either
ocean (e.g., Great Lakes) or land (e.g., small lakes) points (Figure 2). The most significant
RMSE reduction is seen in northern Canada and the Great Lakes, where lake-effect
snowstorms often occur. In addition, it is seen that the averaged RMSEs of surface skin
temperature simulated by CFS-Flake with different leads for North America are
systematically reduced compared with those by the original CFS (Figure 3).
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Figure 2. Surface skin temperature forecasts with CFS and CFS-Flake averaged over the winter months
(December, January, and February) for the period of 2003-2016. Rows 1, 2, 3, and 4 are for lead forecasts 1,
2, 3, and 6, respectively. Columns 1 and 2 are accordingly the RMSEs of surface skin temperature for CFS
and CFS-Flake. Observations are MODIS data.
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Figure 3. Averaged RMSEs of surface skin temperature over North America for the period of 2003-2016.
Observations are MODIS data.



2) Precipitation forecasts for North America
We evaluated the precipitation forecasts generated with both CFS and CFS-Flake with the
mean absolute percentage error (MAPE) for the winter over the same period mentioned

above. The MAPE is formulated as follows:

100

MAPE =231, |2
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where ¢ is time, A, is the actual value, and F; is the forecast value. The model evaluation
focuses on the wintertime, when frequent lake-effect snowstorms occur in the Great Lakes
area. Although the two versions of CFS do not seem to accurately capture the spatial
distribution of winter precipitation (Figures not shown), the forecast skill with CFS-Flake
is higher with reduced MAPE than that with CFS (Figure 4). Figure 5 also shows that the
MAPEs with CFS-Flake with eight lead months are systemically lower than those with
CFS.

Leadl ™7

Lead2

Lead3

Lead6

Figure 4. Precipitation forecasts with CFS and CFS-Flake averaged over the winter months (December,
January, and February) for the period of 1997-2016. Rows 1, 2, 3, and 4 are for lead forecasts 1, 2, 3, and 6,
respectively. Columns 1 and 2 are the MAPEs of precipitation for CFS and CFS-Flake, respectively.
Observations are Climate Research Unit data.
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Figure 5. Averaged MAPEs of precipitation over North America for the winter months (December, January,
and February) over the period of 1997-2016. Observations are Climate Research Unit data.

3) Lake ice forecasts for the Great Lakes
For this project, we focus on the evaluation of lake ice forecasts only for the Great Lakes,

since observed ice coverage data are publicly available for those lakes. Here, we show the
model forecasts with Lead 1 averaged over the period of 1997-2015 (the results from the
other leads look similar). Based on observations, we can see that lake ice in the Great Lakes
starts in December and reaches the highest level in March. The original CFS is almost
unable to simulate the lake ice over the cold season due to the lake points being prescribed
as either ocean or land as discussed previously, resulting in large errors in predicting the
geographic distribution of lake ice. With our coupled CFS-Flake model, we have
significantly improved lake ice forecasts for the Great Lakes. The main reason for this
improvement is the reasonable configuration of lake points and realistic parameterization

of lake ice processes in the coupled CFS-Flake model.



Dec ) A" : =
FETS 4 o —
‘L\ ) 4,44—7 i =
Jan\m . ,l/'/,-l
EE=u 7 o e
Feb m 7 . — 3
[
== ‘ = i
" — - .
Mar A = ;./,’-‘ .
AAAA i = " r ¢ I,' |
Sl = —
[

Figure 3. Lake ice fraction observations (Column 1, unit: %) and Lead 1 lake ice thickness (unit: m) forecasts
with CFS (Column 2) and CFS-Flake (Column 3) for the Great Lakes for December (Row 1), January (Row
2), February (Row 3), and March (Row 4) over the period of 1997-2015.

Accomplishment Highlights
e The Flake model was incorporated into CFS.

e 20-year retrospective forecasts with nine leads were performed with CFS and
CFS-Flake.

e These forecasts for North America were quantitatively analyzed with different
metrics.

e Surface skin temperature, precipitation, and lake ice spatial distribution predicted
by the coupled CFS-Flake over the winter months were significantly improved
when compared with those predicted by the original CFS.
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